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LONGITUDINALLY COUPLED RESONATOR -TYPE 
SURFACE ACOUSTIC WAVE FILTER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to longitudinally coupled 
resonator- type surface acoustic wave filters, and more 
particularly, relates to a longitudinally coupled resonator- 
type surface acoustic wave filter having three or more 
interdigital transducers (^^IDTs") . 

2. Description of the Related Art 

Conventionally, surface acoustic wave filters have been 
widely used as an RF stage band-pass filter of a mobile phone. 
Low insertion loss, large attenuation, wideband, and other 
such characteristics are required for the band-pass filter. To 
satisfy these requirements, various propositions have been 
made for the surface acoustic wave filter. 

In Japanese Unexamined Patent Application Publication No. 
5-267990, one example of a method for achieving a wider band 
of a longitudinally coupled resonator-.type surface acoustic 
wave filter is disclosed. In this publication, electrode 
fingers are arranged to periodically line up between IDTs that 
are adjacent to each other, and a process for optimally 
providing a resonant mode by causing the center distance 
between the adjacent electrode fingers of two IDTs that are 
adjacent to each other in the propagation direction of a 
surface acoustic wave to be deviated by about 0.5 times of the 
wavelength determined by the period of the electrode fingers 
is disclosed. 

However, when, as described above, the center distances 
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between adjacent electrode fingers of IDTS that are adjacent 
to each other is deviated by about 0.5 times of the wavelength 
determined by the period of the electrode fingers, the 
periodical continuity of the surface acoustic wave propagation 
path is worsened in the corresponding part. Particularly, when 

a piezoelectric substrate, such as a 36° Y-cut X-propagating 

LiTaOa or a 64° Y-cut X-propagating LiNbOs, making use of a 
leaky surface acoustic wave (leaky wave) is used, loss due to 
bulk wave radiation increases. As a result, although 
realization of a wider band can be intended, there is a 
problem in that insertion loss increases. 

SUMMARY OF THE INVENTION 
In order to overcome the problems described above, 
preferred embodiments of the present invention provide a 
longitudinally coupled resonator- type surface acoustic wave 
filter which solves the foregoing problems, so that not only 
the realization of the wider band but also significant 
reduction in the insertion loss in a passband can be achieved. 

In a longitudinally coupled resonator-type surface 
acoustic wave filter according to a preferred embodiment of 
the present invention, since at least one IDT among at least 
three IDTs is constructed so that the electrode finger period 
of a first portion that is adjacent to the side edge of 
another IDT in the propagation direction of the surface 
acoustic wave is different from the electrode finger period of 
a second portion that is the remaining portion of the IDT, it 
is possible to not only achieve the expansion of the passband 
width but also greatly reduce the insertion loss in the 
passband. 

Therefore, the longitudinally coupled resonator- type 
surface acoustic wave filter having a wider band and low loss 
in the passband is achieved. 
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when the electrode finger period of the first portion is 
shorter than the electrode finger period of the second portion, 
the propagation loss of the surface wave is greatly reduced. 
This enables the insertion loss in the passband to be even 
more reduced. 

Particularly, when the electrode finger period of the 
first portion is approximately 0.82 to about 0.99 times the 
electrode finger period of the second portion, the propagation 
loss of the surface wave can be even more reduced. 

When the center distance between adjacent electrode 
fingers of a pair of adjacent IDTs is caused to be 

substantially equal to 0.5A.I1, the loss radiated as a bulk wave 
is greatly reduced, which reduces the insertion loss even more. 

When only one of a pair of the IDTs which are adjacent to 
each other is constructed so as to include the first portion 
and the second portion and when the center distance between 
adjacent electrode fingers of the pair of adjacent IDTs is 

caused to be substantially equal to 0.25A.I1 + 0.25X.I2, the loss 
radiated as the bulk wave is greatly reduced in the same 
manner, which reduces the insertion loss in the passband by an 
even larger amount . 

When the electrode finger distance is substantially equal 

to 0.25 Xll + 0.25 ^12 in a portion in which electrode fingers 
of the first portion and electrode fingers of the second 
portion are adjacent to each other, the loss radiated as the 
bulk wave can be reduced in the same manner, which more 
reduces the insertion loss in the passband. 

When the polarity of the electrode fingers adjacent to 
each other of the IDT including the first portion and the 
second portion and the polarity of the electrode fingers of 
the IDT adjacent to the IDT are different, the surface 
acoustic wave is converted into an electric signal in the 
spacing between adjacent IDTs as well. This increases the 
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conversion efficiency into the electric signal and improves 
the insertion loss in the passband even more. In addition, the 
passband width is expanded. 

When the total number of electrode fingers of the first 
portions is not more than 18 on both sides of the adjacent 
portions of a pair of the IDTs which are adjacent to each 
other, the concentration ratio of the impedance is increased 
whereby the longitudinally coupled resonator-type surface 
acoustic wave filter having small VSWR can be provided. 

when the center distance between the electrode fingers, 
having periods that are not different, of a pair of the IDTs 

which are adjacent to each other is (0.08 + 0.5n)^I2 to (0.24 + 

0.5n)?^I2, more preferably, (0.13 + 0.5n)A.I2 to (0,23 + 0.5n)?^I2, 

a necessary bandwidth can be obtained in accordance with 
various applications such as an EGSM method, a DCS method, and 
a PCS method, and VSWR can be positively reduced. 

When both of a pair of the IDTs, which are adjacent to 
each other in the propagation direction of the surface 
acoustic wave filter, include the first portion and the second 
portion, and the numbers of electrode fingers of the first 
portions of both IDTs are different, though the concentration 
ratio of the impedance as well as VSWR are worsened, the 
expansion of the passband width can be achieved even more 
readily . 

When what is obtained by rotating a LiTaOa single crystal 
in the direction of the Y axis in the range of approximately 

36^ to 44° with respect to the X axis is used as the 
piezoelectric substrate, the longitudinally coupled resonator- 
type surface acoustic wave filter having a wide passband width 
and low insertion loss in the passband can be easily obtained 
according to various preferred embodiments of the present 
invention , 

When the film thickness of the electrode fingers of the 
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first portion is different from the film thickness of the 
electrode fingers of the second portion, the loss due to the 
radiation of the bulk wave is greatly reduced by adjusting the 
electrode film thickness. Particularly, when the film 
thickness of the electrode fingers of the first portion is 
caused to be thinner than the film thickness of the electrode 
fingers of the second portion, since the loss due to the 
radiation of the bulk wave can be reduced in the spacing 
between IDTs in which the bulk wave is most likely to be 
generated, the insertion loss can be even more reduced while 
the wide bandwidth is maintained. 

When, in a construction in which multiple-stage 
longitudinally coupled resonator-type surface acoustic wave 
filters are cascaded, the electrode finger period of the first 
portion of at least one stage of the longitudinally coupled 
resonator- type surface acoustic wave filter is caused to be 
different from the electrode finger period of the first 
portion of another stage thereof, the passband width can be 
expanded even more without causing the deterioration in VSWR. 

When the electrode finger period of the first portion is 
different in each stage of the multiple-stage longitudinally 
coupled resonator-type surface acoustic wave filter, the 
passband width can be effectively expanded. 

When at least one series resonator and/or parallel 
resonator is connected to an input side and/or output side, 
not only the reduction in the insertion loss in the passband 
but also the expansion of the out -of -passband attenuation 
amount can be achieved according to various preferred 
embodiments of the present invention. 

The longitudinally coupled resonator- type surface 
acoustic wave filter according to various preferred 
embodiments of the present invention may be constructed so as 
to have a balanced-unbalanced input/output or a balanced- 
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balanced input/output , 

That is, various input/output types of longitudinally 
coupled resonator-type surface acoustic wave filters can be 
easily provided in accordance with various applications. 

Since a communication apparatus according to a preferred 
embodiment of the present invention is provided with the 
longitudinally coupled resonator- type surface acoustic wave 
filter constructed according to various preferred embodiments 
of the present invention as a band-pass filter, the 
communication apparatus having a wider bandwidth and the low 
loss can be constructed. 

For the purpose of illustrating the invention, there is 
shown in the drawings several forms which are presently 
preferred, it being understood, however, that the invention is 
not limited to the precise arrangements and instrumentalities 
shown . 

Other elements, characteristics, features and advantages 
of the present invention will become more apparent from the 
following detailed description of preferred embodiments of the 
present invention with reference to the attached drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a schematic plan view of a longitudinally 
coupled resonator-type surface acoustic wave filter according 
to a first preferred embodiment of the present invention. 

Fig. 2 is a model plan view indicating the electrode 
construction of a conventional longitudinally coupled 
resonator- type surface acoustic wave filter. 

Fig. 3 is a diagram indicating the amplitude 
characteristics of the longitudinally coupled resonator-type 
surface acoustic wave filter according to the first preferred 
embodiment and the conventional example. 

Fig. 4 is a diagram indicating the amplitude 
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characteristics of the conventional longitudinally coupled 
resonator- type surface acoustic wave filter. 

Fig. 5 is a model diagram illustrating the relationship 
between the electrode construction of the conventional three 
IDT type longitudinally coupled resonator-type surface 
acoustic wave filter and resonant modes. 

Fig. 6 is a diagram indicating the relationship between 
the ratio of the electrode finger pitch of a first portion to 
the electrode finger pitch of a second portion of the 
longitudinally coupled resonator-type surface acoustic wave 
filter and the propagation loss according to the first 
preferred embodiment , 

Figs. 7(a) and 7 (b) are diagrams showing reflection 
characteristics in each of cases in which the number of 
narrow-pitch electrode fingers of the longitudinally coupled 
resonator- type surface acoustic wave filter according to the 
first preferred embodiment is eight and twelve. 

Fig. 8 is a graph indicating the change in VSWR in a case 
in which the number of narrow-pitch electrode fingers is 
caused to be changed in the first preferred embodiment. 

Fig. 9 is a model plan view indicating the electrode 
construction of a one-stage longitudinally coupled resonator- 
type surface acoustic wave filter according to a modified 
example of the first preferred embodiment . 

Fig. 10 is a model plan view indicating the electrode 
construction of another modified example of the longitudinally 
coupled resonator-type surface acoustic wave filter according 
to the first preferred embodiment. 

Fig, 11 is a model plan view indicating the electrode 
construction of a longitudinally coupled resonator-type 
surface acoustic wave filter according to a second preferred 
embodiment of the present invention. 

Fig, 12 is a graph illustrating the difference between 



- 7 - 



the resonant mode of the longitudinally coupled resonator-type 
surface acoustic wave filter according to the second preferred 
embodiment and the resonant mode of the longitudinally coupled 
resonator- type surface acoustic wave filter according to the 
first preferred embodiment. 

Fig. 13 is a graph indicating the amplitude 
characteristics of the longitudinally coupled resonator-type 
surface acoustic wave filters according to the second and 
first preferred embodiments. 

Fig. 14 is a model plan view indicating the electrode 
construction of a longitudinally coupled resonator-type 
surface acoustic wave filter according to a third preferred 
embodiment of the present invention. 

Figs. 15(a) to 15(c) are diagrams each indicating the 
reflection characteristics of the longitudinally coupled 
resonator- type surface acoustic wave filter according to the 
first preferred embodiment, the longitudinally coupled 
resonator-type surface acoustic wave filter according to the 
third preferred embodiment, and a construction obtained by 
changing the balance of the number of narrow-pitch electrode 
fingers in the longitudinally coupled resonator- type surface 
acoustic wave filter according to the third preferred 
embodiment . 

Figs. 16(a) and 16(b) are graphs indicating the amplitude 
characteristics and VSWR characteristics of the longitudinally 
coupled resonator-type surface acoustic wave filters according 
to the third preferred embodiment and the first preferred 
embodiment . 

Figs. 17(a) and 17(b) are graphs indicating the amplitude 
characteristics and VSWR characteristics of the longitudinally 
coupled resonator-type surface acoustic wave filter according 
to the modified example shown in Fig. 15(c) . 

Figs. 18(a) and 18(b) are a model plan view indicating 
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the electrode construction of a longitudinally coupled 
resonator- type surface acoustic wave filter according to a 
fourth preferred embodiment and a substantial cross- sectional 
view thereof taken along the direction intersecting to the 
electrode fingers . 

Fig, 19 is a graph indicating the amplitude 
characteristics of the longitudinally coupled resonator- type 
surface acoustic wave filters according to the fourth and 
first preferred embodiments. 

Fig. 20 is a model plan view indicating the electrode 
construction of a longitudinally coupled resonator-type 
surface acoustic wave filter according to a fifth preferred 
embodiment of the present invention. 

Fig. 21 is a graph indicating the amplitude 
characteristics of the longitudinally coupled resonator-type 
surface acoustic wave filter according to the fifth preferred 
embodiment and the conventional longitudinally coupled 
resonator- type surface acoustic wave filter. 

Fig. 22 is a graph indicating the amplitude 
characteristics of a longitudinally coupled resonator-type 
surface acoustic wave filter according to the sixth preferred 
embodiment and the longitudinally coupled resonator-type 
surface acoustic wave filter according to the first preferred 
embodiment . 

Fig. 23 is a model plan view illustrating the electrode 
construction of a longitudinally coupled resonator- type 
surface acoustic wave filter according to a seventh preferred 
embodiment of the present invention. 

Fig. 24 is a model plan view illustrating the electrode 
construction of a longitudinally coupled resonator-type 
surface acoustic wave filter according to an eighth preferred 
embodiment of the present invention. 

Fig. 25 is a model plan view illustrating a modified 
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example of the longitudinally coupled resonator- type surface 
acoustic wave filter according to the eighth preferred 
embodiment . 

Fig. 26 is a model plan view illustrating another 
modified example of the longitudinally coupled resonator-type 
surface acoustic wave filter according to the eighth preferred 
embodiment . 

Fig. 27 is a model plan view illustrating still another 
modified example of the longitudinally coupled resonator- type 
surface acoustic wave filter according to the eighth preferred 
embodiment . 

Fig. 28 is a model plan view illustrating another 
modified example of the longitudinally coupled resonator- type 
surface acoustic wave filter according to the eighth preferred 
embodiment . 

Fig. 29 is a model plan view illustrating still another 
modified example of the longitudinally coupled resonator-type 
surface acoustic wave filter according to the eighth preferred 
embodiment . 

Fig. 3 0 is a model plan view illustrating still another 
modified example of the longitudinally coupled resonator- type 
surface acoustic wave filter according to the eighth preferred 
embodiment . 

Fig. 31 is a model plan view indicating the electrode 
construction of a longitudinally coupled resonator-type 
surface acoustic wave filter according to a ninth preferred 
embodiment of the present invention. 

Fig. 32 is a graph indicating the relationship between 
the number of narrow-pitch electrode fingers and the passband 
width. 

Fig. 33 is a graph indicating the relationship between 
the amount of change in the center distance of the IDT and the 
propagation loss. 
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Fig. 34 is a graph illustrating a preferable range of an 
electrode finger spacing distance having a pitch that is not 
decreased in which the relationship between the electrode 
finger spacing distance whose pitch is not decreased and the 
number of narrow-pitch electrode fingers for obtaining 
preferable filtering characteristics is shown. 

Fig. 35 is a block diagram illustrating a communication 
apparatus provided with the longitudinally coupled resonator- 
type surface acoustic wave filter according to a preferred 
embodiment of the present invention as a band-pass filter. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
Hereinafter, preferred embodiments of the present 
invention are explained in detail with reference to the 
drawings . 

The present invention is described in more detail by 
illustrating actual preferred embodiments according to the 
present invention , 

Fig. 1 is a schematic plan view illustrating a 
longitudinally coupled resonator- type surface acoustic wave 
filter according to a first preferred embodiment of the 
present invention. The present preferred embodiment and 
subsequent preferred embodiments are applied to a receiving 
band-pass filter of an EGSM type mobile phone. The 
longitudinally coupled resonator- type surface acoustic wave 
filter according to various preferred embodiments of the 
present invention can be used as a band-pass filter in another 
type of mobile phone and another communication apparatus 
except the mobile phone. 

A longitudinally coupled resonator- type surface acoustic 
wave filter 1 according to various preferred embodiments of 
the present invention is preferably constructed by forming an 
electrode construction, indicated using the schematic plan 
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view in Fig. 1, on a piezoelectric substrate 2. The 

piezoelectric substrate 2 is constructed using a 36° Y-cut X- 
propagating LiTaOa substrate. The piezoelectric substrate 2 
may be constructed using a LiTaOa substrate having another 
crystal orientation. Alternatively, it may be constructed 
using another piezoelectric material other than the LiTaOs 
substrate, for example, a piezoelectric single crystal, such 
as a LiNb03 substrate or a quartz crystal, or a piezoelectric 
ceramic or other suitable material. Furthermore, the 
piezoelectric substrate 2 may be constructed by forming a 
piezoelectric thin film such as a ZnO thin film on an 
insulated substrate , 

In the longitudinally coupled resonator-type surface 
acoustic wave filter 1 according to the present preferred 
embodiment, the electrode construction, which is fully 
described below, is formed on the piezoelectric substrate 2 
preferably using Al . A metal other than Al or an alloy may be 
used as the electrode material. 

In the present preferred embodiment, first and second 
longitudinally coupled resonator- type surface acoustic wave 
filters 11 and 12 are vertically connected. That is, the two 
longitudinally coupled resonator- type surface acoustic wave 
filters 11 and 12 establish the two-stage vertical connection. 

The surface acoustic wave filters 11 and 12 each 
preferably have three IDTs provided along the propagation 
direction of the surface acoustic wave. That is, these surface 
acoustic wave filters 11 and 12 are three IDT-type 
longitudinally coupled resonator-type surface acoustic wave 
filters. The electrode designs of the surface acoustic wave 
filters 11 and 12 preferably are substantially the same. 

The surface acoustic wave filter 11 has IDTs 13 to 15. 
Grating-type reflectors 16 and 17 are provided at both ends of 
a portion having the IDTs 13 to 15 formed thereon in the 



propagation direction of the surface wave. Likewise, the 
surface acoustic wave filter 12 has three IDTs 18 to 20 and 
grating-type reflectors 21 and 22 at both ends of a region 
having the IDTs 18 to 2 0 formed thereon to extend in the 
propagation direction of the surface wave. 

In the present preferred ertLbodiment , one end of the IDT 
14 provided in the middle of the surface acoustic wave filter 
11 is an input terminal, and the IDT 19 provided in the middle 
of the surface acoustic wave filter 12 is an output terminal. 
Ends of the IDTs 13 and 15 are connected to the corresponding 
ends of the IDTS 18 and 20. As is obvious from Fig. 1, the 
other ends of IDTs 13 to 15 and IDTs 18 to 20, which are 
opposite to the corresponding ends connected to the 
input/output terminals or interconnected to other IDTs, are 
each connected to the ground potential . 

The longitudinally coupled resonator- type surface 
acoustic wave filters 1 according to the present preferred 
embodiment is characterized in that, in the surface acoustic 
wave filters 11 and 12, the electrode finger pitch of a 
portion of the IDTs is narrower than the electrode finger 
pitch of the remaining portion of the IDTs on both sides of 
the IDTs that are adjacent to each other. This is described in 
more detail using the spacing between IDT 13 and IDT 14 as an 
example . 

The IDTs 13 and 14 are adjacent to each other in the 
propagation direction of the surface wave. The electrode 
finger pitch between the electrode fingers 13a and 13b, which 
are several electrode fingers from the edge part of the IDT 13 
on the IDT 14 side, is narrower than the electrode finger 
pitches among the remaining electrode fingers 13c, 13d, 13e, 
13f, and 13g. Likewise, in the IDT 14, the electrode finger 
pitch between the electrode fingers 14a and 14b, which are 
several electrode fingers from the edge portion of the IDT 14 
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on the IDT 13 side, is narrower than the electrode finger 
pitches among 14c, 14d, 14e, 14f, and 14g. In the IDT 13, the 
portion in which the electrode finger pitch between the 
electrode fingers 13a and 13b, which are multiple electrode 
fingers from the side edge portion of the IDT 14, as described 
above, is narrowed is a first portion and the portion in which 
the remaining portion provided with the electrode fingers 13c 
to 13g is a second portion. In this manner, in the surface 
acoustic wave filter 1 according to the present preferred 
embodiment, each IDT causes a plurality of electrode fingers 
thereof from the side edge of its adjacent IDT to be narrower 
electrode finger pitch than the electrode finger pitch of the 
remaining thereof . 

In the IDT 14 provided in the middle, the first portions 
are provided at both sides in the propagation direction of the 
surface wave. That is, not only in the portion in which the 
above described electrode fingers 14a and 14b are provided but 
also in a portion in which the multiple electrode fingers 14h 
and 14i are provided at the edge portion of the IDT 14 on the 
IDT 15 side the electrode finger pitch is narrowed. 
Accordingly, the portion in which the electrode fingers 14h 
and 14i are provided is also the first portion. 

In the IDT 15, the first portion is constructed on the 
IDT 14 side preferably in the same manner as in the IDT 13, 
and the remaining portion, other than the first portion, 
constitutes the second portion. The IDTs 18 to 20 of the 
surface acoustic wave filter 12 are constructed preferably in 
a similar manner to the IDTs 13 to 15. 

In Fig. 1 and other figures each representing the 
electrode constructions of subsequent modification examples 
and other preferred embodiments, in order to simplify 
illustrations, the electrode fingers are shown so that the 
number thereof is smaller than the actual number thereof. 



Next, details of the electrode construction of the 
surface acoustic wave filter 1 according to the present 
preferred embodiment are described more specifically. 

The wavelength of the surface wave determined by the 
electrode finger pitch of the first portion is A.I1 and the 
wavelength of the surface wave determined by the electrode 

finger pitch of the second portion is ^12. 

The intersecting width of each of the electrode fingers 

IDTs 13 to 18 is preferably approximately 3 5.8A.I2, and the 

electrode film thickness is preferably approximately 0.08>uI2. 

The numbers of electrode fingers of the IDTs 13 to 15 are 
as described in the following paragraphs. 

IDT 13 • ■ • The number of electrode fingers is 2 9 in which 
the number of electrode fingers of the first portion is 4 and 
the number of electrode fingers of the second portion is 25, 

IDT 14 • • • The number of electrode fingers is 33 in which 
the numbers of electrode fingers of the first portions on both 
sides are each 4 and the number of electrode fingers of the 
second portion is 33 - 8 = 25. 

IDT 15 • • • The number of electrode fingers is 2 9 in which 
the number of electrode fingers of the first portion is 4 and 
the number of electrode fingers of the second portion is 25. 

The above Xll indicating the wavelength of IDT is 

preferably approximately 3.90 |Lim, and Xl2 is preferably 

approximately 4.19 [im. 

The numbers of electrode fingers of the reflectors 16 and 

17 are 100 and a wavelength XR is approximately 4.29 )im. 

Taking the IDT 13 in Fig. 1 for example, the distance 
between the first portion and the second portion is the 
distance between the center of the electrode finger 13c and 
the center of the electrode finger 13b, which is approximately 

0.25>tll + 0.25X12. The distance between the first portion and 
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the second portion of the other IDTs is preferably set in a 
similar manner as the above. Furthermore, the distance between 
the IDTs that are adjacent to each other, for example, the 
center distance between the electrode finger 14i of the IDT 14 
and 15a of the IDT 15 which are adjacent to each other is 

preferably about 0.50 Xll , 

In addition, the distances between the IDTs 13 and 15 and 
the corresponding reflectors 16 and 17, that is, the mutual 
electrode finger center distances between the outer edge 
portions of the IDTs and the inner edge of the reflectors are 

preferably about 0.50?iR. 

The duty of each of the IDTs 13 to 15 is preferably about 
0.73, and the duty of the reflectors is preferably about 0.55. 
The duty is the ratio of the electrode finger width to (the 
electrode finger width + the distance of the electrode finger 
spacing) . 

The IDTs 18 to 20 of the surface wave filter 12 and the 
reflectors 21 and 22 are constructed preferably in 
substantially the same manner as the IDTs 13 to 15 and the 
reflectors 16 and 17, respectively, are constructed. 

The present preferred embodiment is characterized in that 
the distance between the first portion and the second portion 
and the distance between the IDTs that are adjacent to each 
other are designed in the above-described manner. As described 
in detail below, these distances are preferably about 0.50 
times the wavelength of the adjacent IDTs, When the 
wavelengths on both sides of the spacing are different, it is 
preferable that the distance be obtained by adding 
approximately 0.25 times these wavelengths in order to 
maintain the continuity of the IDTs. 

For comparison, a conventional longitudinally coupled 
resonator- type surface acoustic wave filter is provided. The 
electrode construction of this conventional longitudinally 
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coupled resonator- type surface acoustic wave filter is shown 
in Fig, 2. As is obvious from Fig. 2, the longitudinally 
coupled resonator- type surface acoustic wave filter 201 is not 
provided with two types of spacing such as provided in the 
longitudinally coupled resonator- type surface acoustic wave 
filter 1. They are constructed in the same manner except that 
the distance of each electrode finger spacing part is 
identical. Therefore, concerning the identical parts, detailed 
descriptions thereof are omitted by assigning the reference 
numerals to the identical parts in which the reference 
numerals are obtained by adding 2 00 to the reference numeral 
indicating the parts of the longitudinally coupled resonator- 
type surface acoustic wave filter in the above-described 
preferred embodiment. The details of the electrode 
construction of the surface acoustic wave filter 201 provided 
for this comparison are as follows. 

That is, the intersecting width W of the IDTs 213 to 215 

and 218 to 220 is approximately 43,2Xl. The numbers of 
electrode fingers of the IDTs are as follows: 

IDTs 213, 215, 218, and 220 25; and 

IDTs 214 and 219 • — 31. 

The wavelength A,I of the IDT is preferably about 4.17 |im 

and the wavelength XR of the reflector is preferably about 4.29 

jam. The numbers of electrode fingers of the reflectors are 
each 100, 

The adjacent IDT to IDT electrode finger center distance 
is 0.32A.I and the electrode finger center distance between the 

reflector and the IDT adjacent to the reflector is 0,50>-R. In 

addition, the duty of the IDT and the duty of the reflector 
are the same as the preferred embodiment, and the electrode 

film thickness is 0.08X,I. 

Amplitude characteristics of the longitudinally coupled 
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resonator-type surface acoustic wave filter in the present 
preferred embodiment and in the conventional example that were 
prepared in the above-described manner were measured. The 
results are shown in Fig. 3. The solid lines in Fig. 3 
represent the results of the present preferred embodiment and 
the dashed lines represent the results of the conventional 
example. Furthermore, characteristics obtained by magnifying 
important portions of each amplitude characteristic 
represented using the solid lines and the dashed lines by the 
scales on the right side of the vertical axis are also shown. 

As obviously indicated in Fig. 3, the insertion loss in 
the passband can be much more improved in the longitudinally 
coupled resonator- type surface acoustic wave filter 1 
according to the present preferred embodiment than in the 
conventional example. For example, the minimum insertion loss 
in the passband is approximately 2.3 dB in the conventional 
example while it is approximately 1,7 dB in the present 
preferred embodiment, which demonstrates the improvement by 
approximately 0.6 dB . 

The bandwidth having the attenuation amount of 4.5 dB 
from a through level is approximately 44 MHz in the 
conventional example while the same band width having the 
attenuation amount of 3.9 dB from the through level can be 
obtained in the preferred embodiment. That is, when comparison 
is made with respect to the entirety of the passband, the 
insertion loss is improved by approximately 0,6 dB in the 
present preferred embodiment compared with the conventional 
example . 

In the present preferred embodiment, the reason why the 
insertion loss can be improved in the above-described manner 
is as follows. 

In the design of the conventional three IDT type 
longitudinally coupled resonator-type surface acoustic wave 
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filter, the electrode finger center distance between the IDTs 

that are adjacent to each other is around 0.25A,I. This is 
because the passband is formed making use of three resonant 
modes having peaks indicated by three arrows A to C in 
frequency characteristics of the conventional surface acoustic 
wave filter shown in Fig, 4 clarified by changing the 

impedance from 50 Q to 500 Q. That is, in the electrode 
construction shown in Fig. 5, the passband is formed by making 
use of a resonant mode (the arrow C in Fig. 4) having a peak 
of the intensity distribution of the surface acoustic wave in 
an IDT- IDT spacing portion other than a zeroth mode (the arrow 
B shown in Fig. 4) and a second mode (the arrow A shown in Fig. 
4) schematically shown below. 

However, the distance of the IDT to IDT spacing is 

approximately 0.25^1, causing a discontinuous portion to occur 
in a surface acoustic wave propagation path. There arises a 
problem that the propagation loss increases because the amount 
of component radiated as the bulk wave increases in the 
discontinuous portion. 

Therefore, in order to decrease the amount of the above - 
described propagation loss, it is considered that the 
discontinuous portion should be eliminated by setting the 

distance of the IDT to IDT spacing to about 0.50^1, However, 

when the distance of the IDT to IDT spacing is about 0.50A,I, 
since the above three modes are not available, there arises a 
problem in that realization of a wider band cannot be achieved. 

The present preferred embodiment is characterized in that, 
in order to solve the two problems described above, the above 
first and second portions are provided between the IDTs that 
are adjacent to each other. That is, by partially altering the 
electrode finger pitch in the IDT, while the passband is 
formed making use of the three resonant modes, the amount of 
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loss radiated as the bulk wave is reduced by setting the 
distance of the IDT to IDT spacing to approximately 0.50 times 
the wavelengths of the IDT on both sides of the spacing. 

Generally, when the period of the electrode finger is 
smaller than the wavelength of the surface wave propagating 
through the propagating path, the propagation loss of the 
surface acoustic wave itself decreases. Therefore, as 
described above, since the electrode finger pitch of the first 
portion is smaller than that of the second portion, this also 
reduces the propagation loss of the surface acoustic wave. 

Therefore, as is shown in Fig, 3, although the same 
passband width as in the conventional example in which the 
realization of a wider band is achieved is obtained in the 
present preferred embodiment, the insertion loss in the 
passband can be greatly reduced compared to the conventional 
example . 

The inventor examined how small the electrode finger 
pitch of the first portion should be constructed compared to 
that of the second portion, so that preferable results can be 
obtained. 

That is, the electrode finger pitch of the first portion 
of the longitudinally coupled resonator-type surface acoustic 
wave filter was changed variously in the preferred embodiment 
shown in Fig. 1 to examine how the propagation loss is changed 
because of this. The results are shown in Fig. 6. 

The horizontal axis of Fig. 6 represents the ratio of the 
electrode finger pitch of the first portion to the electrode 
finger pitch of the second portion (referred to this as the 
pitch ratio of a narrow-pitch electrode finger) while the 
vertical axis represents the propagation loss. The propagation 
loss in Fig. 6 is the value obtained by subtracting the loss 
due to impedance mismatch and the ohmic loss caused by the 
electrode finger resistance component from the insertion loss 
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in the passband. 

When the results in Fig. 6 were obtained, the results of 
a case are shown in which the numbers of electrode fingers 
having narrow electrode finger pitch were 8, 12, and 18, Here, 
as examples of the IDTs 13 to 15, the number of electrode 
fingers having the narrow electrode finger pitch means the 
total sum of the number of electrode fingers of the first 
portion of the IDT 13 (two fingers are shown in Fig. 1) and 
the number of narrow-pitch electrode fingers of the first 
portion of the IDT 14 on the IDT 13 side (two fingers are 
shown in Fig. 1) . In this case, four fingers are shown in Fig. 
1. However, eight fingers, twelve fingers, or eighteen fingers 
are provided as described above. 

Likewise, the total numbers of narrow electrode-finger- 
pitch electrode fingers in the adjacent portion between the 
IDT 15 and the IDT 14 are also 8, 12, and 18 though four 
fingers are shown in Fig, 1, That is, Fig. 1 shows a design in 
the number of narrow electrode- finger-pitch electrode fingers 
is four. In the following description, that "the number of 
narrow-pitch electrode fingers" means the value defined in the 
above described manner. 

As is obviously indicated in Fig. 6, when the pitch ratio 
of the narrow-pitch electrode finger is in the proximity of 
approximately 0.95, the propagation loss is minimized 
regardless of the number of narrow-pitch electrode fingers. 
The amount corresponding to the improvement in this 
propagation loss is considered to be the sum of the amount 
corresponding to reduction in the loss radiated as the bulk 
wave and the amount corresponding to reduction in the 
propagation loss of the surface acoustic wave by decreasing 
the electrode finger pitch. 

That is, in order to decrease the insertion loss in the 
band, it was found to be preferable that the pitch ratio of 
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the above narrow-pitch electrode finger is set to the order of 
this value. 

Next, a range in which the propagation reduction was 
smaller compared to the conventional example was determined. 
In the design using the conventional method, the propagation 
loss is approximately 1.9 dB. As described below, in this 
preferred embodiment, it is preferable that the number of 
narrow-pitch electrode fingers be 18 or below. 

As is obviously indicated Fig. 6, the range in which the 
reduction effect of the propagation loss can be observed is in 
the range of the pitch ratio of the narrow-pitch electrode 
finger of about 0.83 to about 0.99. Even though the pitch 
ratio of the narrow-pitch electrode finger is below 
approximately 0.83, the propagation loss is small under an 
appropriate condition. However, considering the restriction of 
the electrode manufacturing accuracy, it is found to be 
preferable that the pitch ratio be in the proximity of about 
0.83 to about 0 . 99 . 

Next, a preferable range of the number of narrow-pitch 
electrode fingers was confirmed. Fig. 7 shows reflection 
characteristics in cases in which, when the numbers of narrow- 
pitch electrode fingers are set to 8 and 12, design parameters 
are adjusted for each so that impedance matching is achieved 
in the corresponding pass band. Fig. 7(a) shows the case in 
which the number of narrow-pitch electrode fingers is 8; and 
Fig. 7(b) shows the case in which the number of narrow-pitch 
electrode fingers is 12. 

When the number of narrow-pitch electrode fingers is 
increased, there is a tendency to worsen the concentration 
ratio of the impedance, which tends to worsen VSWR or the 
deviation in the band. In addition, since the deviation in the 
passband is worsened, the passband width tends to be narrowed. 
Accordingly, using the design of the above-described preferred 
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embodiment as a baseline, the changes in VSWR as well as the 
passband width were measured in a case in which the number of 
narrow-pitch electrode fingers was changed. The results are 
shown in Figs. 8 and 32. 

The value of VSWR in Fig. 8 and the value of the passband 
width in Fig. 32 are the values in a case in which the 
intersecting width, the pitch of the narrow-pitch electrode 
fingers and the like are varied so that the impedance matching 
in the passband is achieved in accordance with the number of 
narrow-pitch electrode fingers. Generally, the value of VSWR 
is preferably about 2.5 or below, and the passband width is 
preferably approximately 42 MHz or above in an EGSM method 
considering the change in characteristics due to the 
temperature, characteristic variations or other 
characteristics . 

In Fig. 8, the number of narrow-pitch electrode fingers 
is 18 or below in a range in which VSWR is about 2.5 or below. 
As is obvious from Fig. 32, the number of narrow-pitch 
electrode fingers is also 18 or below in which the passband is 
approximately 42 MHz or above. That is, it is preferable that 
the number of narrow-pitch electrode fingers be 18 or above. 
This increases the concentration ratio of the impedance and 
decreases VSWR as well as the deviation in the band. In 
addition, it was discovered that this enables the 
longitudinally coupled resonator- type surface acoustic wave 
filter having a sufficient passband width to be obtained. 

Next, the change in the propagation loss was examined in 
a case in which the distance between the adjacent IDTS was 
changed from what was used in the present preferred embodiment. 
The results are shown in Fig. 33. The distance between the 
adjacent IDTs, for example, the center distance between the 
adjacent electrode fingers 14i and 15a of the IDT 14 and the 

IDT 15 in Fig. 1, respectively, is preferably about 0.50X.I1. 
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In Fig. 33, the change in the propagation loss is plotted with 
respect to the change in the center distance from where the 

value 0.507.11 is set as 0 . In Fig. 33, the propagation loss is 

worsened in accordance with the change in the center distance 
between the adjacent IDTs. That is, it is proved to be 
preferable that the center distance between the adjacent IDTs 

be about 0.50?tll in order to obtain a low loss filter. 
Likewise, it is preferable that the distance between the first 
portion and the second portion whose pitches are different be 

approximately 0.25^11 + 0.25A.I2, as shown in the present 
preferred embodiment, in order to obtain the low loss filter. 

Next, the center distance between the electrode fingers 
whose pitch is not decreased, for example, the center distance 
between the electrode fingers 13c and 14c shown in Fig. 1 was 
examined concerning how long the center distance between the 
electrode fingers 13c and 14c is desired. The results are 
shown in Fig. 34. Fig. 34 shows the results obtained by 
examining the center distance between the electrode fingers 
whose pitch is not decreased in a case in which the 
construction of preferred embodiments of the present invention 
is designed so that the filter has optimized characteristics 
for various applications such as not only the EGSM method, but 
also a DCS method, and a PCS method. In all of these designs, 
it is designed so that the bandwidth required for each method 
is obtained and VSWR is approximately 2.5 or below. The 
horizontal axis represents a value indicating the center 
distance between the electrode fingers whose pitch is not 
decreased using the wavelength ratio of the electrode fingers 
whose pitch is not decreased. This value is the one so that 
every value is in the range of approximately 0.0 to about 0.5 
by subtracting the value of 0.5n (n=l, 2, 3, ...) from the 
corresponding center distance in each case. For example, when 
the wavelength ratio is approximately 4.73, plotting is made 
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as approximately 0.23 in Fig. 34. 

In Fig. 34, center distances between the electrode 
fingers whose pitches are not decreased are concentrated in 
the range of approximately 0,13 to about 0.23. Furthermore, in 
all cases, they are in the range of about 0.08 to about 0.24. 
In the related art shown in Fig, 2, these center distances are 
preferably in the range of approximately 0.25 to about 0.30. 
In the case of preferred embodiments of the present invention, 
it is indicated that the center distances should be in the 
range of about 0.08 to about 0.24, and preferably, in the 
range of about 0.13 to about 0.23. 

Although the 36° Y-cut X-propagating LiTaOa substrate is 
used in the present preferred embodiment, a LiTaOs substrate 
having another crystal orientation, the LiNbOa substrate, or 
other suitable substrates may be used. For example, a 
particularly great effect can be obtained in the piezoelectric 

substrate using the leaky wave, such as a 36° to 44° Y-cut X- 

propagating LiTaOs substrate, a 64° to 72° Y-cut X-propagating 

LiNbOs substrate, or a 41° Y-cut X-propagating LiNbOs substrate 

In the present preferred embodiment, three IDT type 
longitudinally coupled resonator- type surface acoustic wave 
filters establish the two-stage vertical connection. As shown 
in Fig. 9, the advantages obtained in preferred embodiments of 
the present invention can be obtained by using the same 
construction as that of the present preferred embodiment in 
the one-stage longitudinally coupled resonator-type surface 
acoustic wave filter 31. Furthermore, the present invention is 
not limited to the filter having three IDTs. For example, the 
advantages of the present invention can be obtained by 
applying the present invention to a longitudinally coupled 
resonator-type surface acoustic wave filter 32 as shown in Fig 
10 having five IDTs 33 to 37. 



That is, in various preferred embodiments of the present 
invention, the number of IDTs of the longitudinally coupled 
resonator-type surface acoustic wave filter is not limited to 
three. It may be five or above. In addition, the 
longitudinally coupled resonator-type surface acoustic wave 
filter is not necessarily limited to ones having a multiple- 
stage construction . 

Fig. 11 is a schematic plan view showing the electrode 
construction of a longitudinally coupled resonator- type 
surface acoustic wave filter according to the second preferred 
embodiment of the present invention. 

A longitudinally coupled resonator- type surface acoustic 
wave filter 41 according to the second preferred embodiment is 
constructed exactly in the same manner as the longitudinally 
coupled resonator-type surface acoustic wave filter 1 except 
that the IDTs 14 and 19 which are provided in the middle in 
the propagation direction of the surface acoustic wave are 
inverted. 

That is, while the adjacent electrode fingers of the 
adjacent IDTs are grounded in the first preferred embodiment, 
the outermost electrode fingers of the IDTs 14 and 19 are 
connected to the corresponding input and output terminals 
instead of the ground potential. Therefore, the electrode 
finger which is a signal electrode and the electrode finger 
which is connected to the ground potential of the outer IDT 
are adjacent between the adjacent IDTs. 

To be specific, while the electrode fingers 13a and 15a 
which are the corresponding edge portions of the IDTs 13 and 
15 on the IDT 14 side are connected to the ground potential, 
the electrode fingers 14a and 14i of the IDT 14 which are 
adjacent to the corresponding electrode fingers 13a and 15a 
are connected to input terminals. That is, the polarities of 
the electrode fingers, which are adjacent to each other, are 



- 26 - 



inverted between the IDTs that are adjacent to each other. The 
surface acoustic wave filter 12 is also constructed in the 
same manner. 

Therefore, the longitudinally coupled resonator- type 
surface acoustic wave filter according to the second preferred 
embodiment has a construction in which the adjacent electrode 
fingers between the adjacent IDTs with inverted polarities are 
two- stage vertically connected. 

Fig. 12 shows differences between the resonant mode of 
the surface acoustic wave filter 41 according to the second 
preferred embodiment and the resonant mode of the surface 
acoustic wave filter 1 according to the first preferred 
embodiment. Here, the results obtained by changing the 

input/output impedance from 50 Q to 500 Q and by confirming 

the resonant mode are shown. 

In Fig. 12, the solid line indicates the result according 
to the second preferred embodiment and the dashed line 
indicates the result according to the first preferred 
embodiment . 

Reference character D of Fig. 12 indicates the resonant 
mode of a standing wave having peaks of the intensity 
distribution of the surface acoustic wave in the IDT to IDT 
spacing, E indicates the zeroth mode, G indicates the second 
mode, and F indicates a mode generated due to a two- stage 
vertical connection . 

The major difference between the first preferred 
embodiment and the second preferred embodiment is that the 
level of the resonant mode indicated by the arrow D is larger 
in the second preferred embodiment . 

Since the adjacent electrode fingers of the adjacent IDTs 
are connected to the ground potential in the first preferred 
embodiment, the surface acoustic wave in the IDT to IDT 
spacing cannot be converted into an electrical signal. As a 
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result, the conversion efficiency to the electrical signal of 
the resonant mode D having the peaks of the intensity in IDT 
to IDT spacing is decreased. 

On the other hand, since the polarities of the adjacent 
electrode fingers of the adjacent electrode IDTs are inverted 
in the second preferred embodiment, the surface acoustic wave 
can be converted into the electrical signal even in the IDT- 
IDT spacing. Therefore, the conversion efficiency to the 
electrical signal having the above resonant mode D is 
increased. 

Fig. 13 shows the amplitude characteristics of the 
longitudinally coupled resonator-type surface acoustic wave 
filters according to the second preferred embodiment and the 
first preferred embodiment and the corresponding amplitude 
characteristics obtained by magnifying the insertion loss of 
the vertical axis by the scale on the right side of the axis. 
The amplitude characteristics of the second preferred 
embodiment (the solid line) of Fig. 13 are obtained by 
changing the intersecting width from the design condition in 

the first preferred embodiment to approximately 33,4A-I2 and the 
wavelength of the narrow-pitch electrode fingers therefrom to 
approximately 3.88 \xm in order to adjust the deviation in the 
impedance caused by the change in the frequency of the mode 
and the level of the mode. 

As is indicated in Fig. 13, according to the second 
preferred embodiment, the insertion loss in the passband can 
be even more improved than the first preferred embodiment 
(dashed line) and the passband width becomes wider. 
Accordingly, it is preferable that the polarities of the 
adjacent electrode fingers of the adjacent IDTs be inverted. 
This enables the longitudinally coupled resonator- type surface 
acoustic wave filter having much less insertion loss and wider 
passband to be provided. 
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The advantages of the second preferred embodiment can 
also be obtained in a case in which the polarities of the 
adjacent electrode fingers between the IDTs are inverted in 
the above described manner in only one of the longitudinally 
coupled resonator- type surface acoustic wave filters 11 and 12 
that establish the two-stage vertical connection. 

Fig. 14 is a schematic plan view showing an electrode 
construction of a longitudinally coupled resonator-type 
surface acoustic wave filter according to the third preferred 
embodiment of the present invention. 

A surface acoustic wave filter 51 according to the third 
preferred embodiment is constructed so that the number of 
narrow-pitch electrode fingers is preferably the same as that 
in the first preferably embodiment and the number of narrow- 
pitch electrode fingers of the first portion of the IDT 13 is 
different from the number of narrow-pitch electrode fingers of 
the first portion of the IDT 14 on the IDT 13 side. In 
addition, it is preferably constructed so that the number of 
narrow-pitch electrode fingers of the first portion of the IDT 
15 is different from the number of narrow-pitch electrode 
fingers of the first portion of the IDT 14 on the IDT 15 side. 
Otherwise, since it is constructed in the same manner as the 
first preferred embodiment, by assigning the same reference 
numerals used in the first preferred embodiment to the 
corresponding components, descriptions of the corresponding 
elements of the first preferred embodiment are applied. Those 
elements which are different from the first preferred 
embodiment, are described more specifically. In the present 
preferred embodiment, the numbers of electrode fingers of the 
IDTs 13 to 15 of the surface acoustic wave filter 12 are as 
described in the following paragraph. 

IDT13 30, in which the number of electrode fingers of 

the first portion is 5 and the number of electrode fingers of 
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the second portion is 25. 

IDT14 the number of electrode fingers is 33, in which 

the first portions on both sides each have three narrow-pitch 
electrode fingers and the second portion provided in the 
middle has 27 electrode fingers. 

IDT15 30, in which the number of electrode fingers of 

the first portion is 5 and the number of electrode fingers of 
the second portion is 25. 

In the present preferred embodiment as well, the surface 
acoustic wave filters 11 and 12 are preferably constructed in 
the same manner. In Fig. 14, in order to simplify 
illustrations, the electrode fingers are shown in such a 
manner that the number of electrode fingers is decreased. That 
is, Fig. 14 is shown as though the narrow-pitch electrode 
finger is provided on each of the left and the right of the 
IDT 14, and the numbers of narrow-pitch electrode fingers of 
the first portion of the IDTs 13 and 15 are 3. 

The reflection characteristic of the vertically-coupled 
resonator-type surface acoustic wave filter 51 according to 
the present preferred embodiment is shown in Fig. 15(b). For 
comparison, the reflection characteristic of the surface 
acoustic wave filter according to the first preferred 
embodiment is shown in Fig. 15(c). 

The third preferred embodiment is constructed so that the 
numbers of narrow-pitch electrode fingers of the first 
portions of both of the IDTs that are adjacent to each other 
are different. In addition, the electrode finger intersecting 

width is approximately 47.7?^I2 in order to match the impedance 
to 50 Q. 

As is indicated in Fig. 15, the impedance concentration 
ratio in the third preferred embodiment is worse than in the 
first preferred embodiment. 

The reflection characteristic is shown in Fig. 15(a) in a 
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case in which, on the contrary, the number of narrow-pitch 
electrode fingers of IDT 14 is increased. Changes in this case 
are that, in the third preferred embodiment, the total number 
of electrode fingers of the IDTs 13, 15, 18, and 20 is 28, the 
number of electrode fingers of the first portion is 3, the 
number of electrode fingers of the second portion is 25, the 
total number of electrode fingers of the IDTs 14 and 19 
provided in the middle is 37 in which the numbers of electrode 
fingers of the first portions on both sides are each 5, the 
number of electrode fingers of the second portion in the 
middle is 27, and the intersecting width is approximately 

28.6?^I2. As is indicated in Fig. 15(a), in this case, the 
impedance concentration ratio is increased compared to the 
first preferred embodiment though the overall impedance is 
capacitive . 

The third preferred embodiment and a modified example 
having the reflection characteristics shown in Fig. 15(b) are 
not exactly preferred embodiments for an EGSM type receiving- 
stage band-pass filter. However, the third preferred 
embodiment and the modified example are effective for other 
applications. For example, as shown in Fig. 15(b), when the 
impedance concentration ratio is worsened, though the 
deteriorating tendency in VSWR is observed, the passband width 
tends to be widened. 

That is, the solid lines in Figs. 16(a) and (b) indicate 
the amplitude characteristic and the VSWR characteristic of 
the longitudinally coupled resonator-type surface acoustic 
wave filter according to the third preferred embodiment. For 
comparison, the amplitude characteristic and the VSWR 
characteristic of the longitudinally coupled resonator-type 
surface acoustic wave filter 11 according to the first 
preferred embodiment are shown using the dashed lines in Figs. 
16 (a) and (b) . 
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As is obviously indicated in Fig. 16, according to the 
third preferred embodiment, it is observed compared to the 
case of the first preferred embodiment that though VSWR is 
worsened by approximately 0.2, the passband width at 4dB from 
a through level is widened by approximately 1.5 MHz. In this 
case, it is found that since the insertion loss level in the 
passband is hardly changed, a wider band can be realized while 
the low loss is maintained. 

That is, the third preferred embodiment proves that even 
though VSWR is somewhat worsened, there can be provided the 
longitudinally coupled resonator- type surface acoustic wave 
filter which is suitable for an application requiring the 
reduction in loss in the passband and the expansion of the 
passband width. 

Next, as shown in Fig, 15(a), an example that is 
effective in a case in which the impedance is capacitive 
though the impedance concentration ratio is preferable is 
described. 

Figs. 17(a) and (b) show the amplitude characteristics 
and the VSWR characteristic of the longitudinally coupled 
resonator- type surface acoustic wave filter of the above 
modified example using the solid lines. For comparison, the 
amplitude characteristics and the VSWR characteristic of the 
longitudinally coupled resonator-type surface acoustic wave 
filter according to the first preferred embodiment are shown 
using the dashed lines. In the modified example which produces 
the results shown in Fig. 17, the electrode intersecting width 

is approximately 31.0A.I2, the total number of electrode fingers 
of IDTs 13, 15, 18, and 20 is 28, the number of electrode 
fingers of the first portion is 3, the number of electrode 
fingers of the second portion is 25. The total number of 
electrode fingers of the central IDTs 14 and 19 is 47 in which 
the numbers of electrode fingers of the first portions on both 
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sides are each 5 and the numbers of electrode fingers of the 
central second portions are each 37. The wavelength Xll of the 

IDT is about 3.88 |LLm. Otherwise, the modified example is 
substantially identical to the first preferred embodiment. 

As is obvious from Fig. 17, in the above modified example, 
compared to the surface acoustic wave filter 11 according to 
the first preferred embodiment, although the passband width at 
4 dB from the through level is narrowed by approximately 3.5 
MHz while the VSWR is improved by only approximately 0.7. In 
this case, since insertion loss level is hardly changed in the 
pass band, VSWR is improved while the low loss is maintained. 
That is, it is found that, even though the passband width is 
narrow, the longitudinally coupled resonator- type surface 
acoustic wave filter which is effective for an application 
requiring the reduction in loss in the passband as well as the 
reduction in VSWR can be provided. 

As described above, as in the third preferred embodiment, 
by changing the balance of the electrode fingers of the first 
portion, in other words, the number of narrow-pitch electrode 
fingers, the band-pass filter for various applications can be 
easily provided while the reduction in insertion loss in the 
passband is achieved. 

Figs. 18(a) and (b) are a schematic plan view 
illustrating the longitudinally coupled resonator- type surface 
acoustic wave filter according to the fourth preferred 
embodiment and a cross -sectional view taken along the 
direction intersecting to the electrode fingers. Fig. 18(b) is 
the schematic cross-sectional view between alternate long and 
short dashed lines X and X in Fig. 18(a) , The electrode 
construction shown in Fig. 18(a) is exactly equal to that of 
the first preferred embodiment shown in Fig. 1. 

Therefore, for the equivalent elements, the corresponding 
reference numerals are assigned. The characteristics of the 
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present preferred embodiment are clearly shown in Fig. 18(b), 
That is, as shown in a portion provided with IDTs 19 and 2 0 
and the reflector 22 as a typical example, the film thickness 
of the narrow-pitch electrode fingers is thinner than the film 
thickness of other electrode fingers or the film thickness of 
the electrodes of the reflectors. That is, as shown in Fig, 
18 (b) , the film thickness of electrode fingers 19f and 19g of 
the first portion of the IDT 19 on the IDT 20 side and the 
film thickness of electrode fingers 20a and 20b of the first 
portion of the IDT 2 0 on the IDT 19 side are thinner than the 
film thickness of other electrode fingers and the film 
thickness of the electrode of the reflector 22. Likewise, in a 
portion between the IDTs adjacent to each other shown in Fig, 
18(a), the film thickness of the narrow-pitch electrode 
fingers on both sides of the part is thinner than that of the 
remaining electrode fingers of the part. To be specific, in 
the present preferred embodiment, the film thickness of the 

narrow-pitch electrode fingers is preferably about 0.06?^I2 and 
the film thickness of the remaining electrode fingers is 

preferably about 0.08?uI2. 

In the present preferred embodiment, since the film 
thickness of the narrow-pitch electrode fingers is reduced, 
the design is altered from the design of the first preferred 
embodiment so that the electrode finger intersecting width is 

approximately 38,2X,I2 and A.I1 = 3,93 \m. Otherwise, the 
present preferred embodiment is substantially identical to the 
first preferred embodiment. 

The amplitude characteristics of the longitudinally 
coupled resonator- type surface acoustic wave filter according 
to the fourth preferred embodiment are shown using the solid 
lines in Fig. 19. For comparison, the amplitude 
characteristics of the longitudinally coupled resonator-type 
surface acoustic wave filter 11 according to the first 



- 34 - 



preferred embodiment are shown using the dashed lines. 

As is obvious from Fig. 19, compared to the first 
preferred embodiment, the fourth preferred embodiment proves 
that the insertion loss in the passband is even more improved. 
Generally, in the surface acoustic wave filter using the leaky 
wave, by thinning the film thickness of the electrode 
including Al, there is a tendency to decrease the loss due to 
radiation of the bulk wave. However, by thinning the electrode 
film thickness, the electromechanical coupling factor is 
decreased and the stop-band width of the reflectors is 
narrowed. This arrangement leads to a problem that the 
realization of the wider band cannot be achieved. 

In the fourth preferred embodiment, to solve this problem, 
the film thickness of the electrode fingers is thinned in the 
IDT to IDT spacing in which the radiation of the bulk wave is 
most likely to occur, in other words, in the portion in which 
the narrow-pitch electrode fingers are provided. This enables 
the loss due to the radiation of the bulk wave to be reduced 
and enables preferable characteristics to be obtained. 

Fig. 2 0 is a schematic plan view illustrating the 
electrode construction of the longitudinally coupled 
resonator-type surface acoustic wave filter according to the 
fifth preferred embodiment of the present invention. 

A characteristic of the present preferred embodiment is 
that the narrow-pitch electrode fingers are constructed using 
a split electrode as typified by split electrode fingers 13fi 
and 13f2. Otherwise, the present preferred embodiment is 
exactly the same as first preferred embodiment. Only the 
modified elements are described as follows. 

That is, in the fifth preferred embodiment, the electrode 

finger intersecting width is approximately 35.7^12, the 
wavelength Xl2 of the IDT is about 4.20 jam, and Xll is about 
4.04 |am. 
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In Fig. 21, the amplitude characteristics of the 
longitudinally coupled resonator-type surface acoustic wave 
filter according to the fifth preferred embodiment are shown 
using the solid lines. The dashed lines indicate the amplitude 
characteristics of the conventional longitudinally coupled 
resonator-type surface acoustic wave filter according to the 
first preferred embodiment. 

As is obviously indicated in Fig. 21, in the fifth 
preferred embodiment, compared to the conventional 
longitudinally coupled resonator-type surface acoustic wave 
filter, the insertion loss in the passband is greatly improved. 

Therefore, it is determined that, in various preferred 
embodiments of the present invention, the narrow-pitch 
electrode fingers may be constructed using multiple, normally, 
two split electrode fingers. 

The sixth preferred embodiment preferably has exactly the 
same circuit construction as the first preferred embodiment. 
Therefore, by applying the descriptions of the first preferred 
embodiment, the detailed descriptions are omitted. 

The sixth preferred embodiment differs from the first 
preferred embodiment in that the wavelength of the electrode 
fingers of the first portions of the IDTs 18 to 20 of the 
surface acoustic wave filter 12, in other words, the 
wavelength of the narrow-pitch electrode fingers is 

approximately 3.88 |um. Otherwise, the sixth preferred 
embodiment is the same as the first preferred embodiment. 

That is, in the sixth preferred embodiment, the 
wavelengths of the narrow-pitch electrode fingers of the 
longitudinally coupled resonator- type surface acoustic wave 
filters 11 and 12 which are two- stage vertically connected 
shown in Fig, 1 are different. 

In Fig. 22, the amplitude characteristics of the 
longitudinally coupled resonator- type surface acoustic wave 
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filter according to the sixth preferred embodiment are shown 
using the solid lines and the amplitude characteristics of the 
longitudinally coupled resonator-type surface acoustic wave 
filter according to the first preferred embodiment are shown 
using the dashed lines. 

As is obviously indicated in Fig. 22, according to the 
sixth preferred embodiment, the passband width is expanded 
compared to the first preferred embodiment. In this case, the 
value of VSWR was approximately 2.0 in both the first and 
sixth preferred embodiments. Therefore, according to the sixth 
preferred embodiment, the passband width can be expanded 
without worsening VSWR. 

Thus, when a plurality of surface acoustic wave filters 
are cascaded, by differentiating among the narrow-pitch 
electrode finger construction of each stage of the surface 
acoustic wave filter, in other words, by differentiating the 
narrow-pitch electrode finger construction of at least one 
stage of the surface acoustic wave filter from that of the 
remaining stages of the surface acoustic wave filter, it is 
proved that the passband width can be widened. 

Fig. 23 is a schematic plan view illustrating the 
electrode construction of the longitudinally coupled 
resonator- type surface acoustic wave filter 61 according to 
the seventh preferred embodiment of the present invention. The 
present preferred embodiment corresponds to a modified example 
of the longitudinally coupled resonator-type surface acoustic 
wave filter 31 shown in Fig. 9. That is, a surface acoustic 
wave resonator 62 is connected in series as a series resonator 
between the central IDT 14 and the input terminal of the one- 
stage longitudinally coupled resonator-type surface acoustic 
wave filter 31. 

In various preferred embodiments of the present invention, 
the surface acoustic wave resonator may be connected in series 
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with the longitudinally coupled resonator-type surface 
acoustic wave filter as shown in the present preferred 
embodiment . 

Conventionally, it is known that, by connecting the 
surface acoustic wave resonator in series with the 
longitudinally coupled resonator-type surface acoustic wave 
filter, the expansion of the out-of -passband attenuation 
amount can be achieved. However, there is a problem that the 
insertion loss in the passband increases although the out-of- 
passband attenuation amount increases. 

On the other hand, in the present preferred embodiment, 
since the above longitudinally coupled resonator-type surface 
acoustic wave filter constructed according to various 
preferred embodiments of the present invention is used, the 
deterioration of the insertion loss decreases. That is, by 
connecting the surface acoustic wave resonator 62 in series 
with the longitudinally coupled resonator-type surface 
acoustic wave filter 31, the out-of -passband attenuation 
amount can be expanded while the reduction in the insertion 
loss in the passband is achieved. This enables preferable 
filtering characteristics to be obtained. 

Likewise, in the longitudinally coupled resonator- type 
surface acoustic wave filter according to various preferred 
embodiments of the present invention, since the insertion loss 
in the passband is greatly reduced, the surface acoustic wave 
resonator may be connected in parallel with the longitudinally 
coupled resonator-type surface acoustic wave filter 
constructed according to various preferred embodiments of the 
present invention. In this case, while the reduction in the 
insertion loss in the passband is achieved, the expansion of 
the out-of -passband attenuation amount can be achieved. 

Alternatively, the longitudinally coupled resonator- type 
surface acoustic wave filter may include both the surface 
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acoustic wave resonator connected in series and the surface 
acoustic wave resonator connected in parallel. 

Fig. 24 is a schematic plan view illustrating the 
electrode construction of the longitudinally coupled 
resonator- type surface acoustic wave filter according to the 
eighth preferred embodiment. A longitudinally coupled 
resonator-type surface acoustic wave filter 71 according to 
the eighth preferred embodiment has the same electrode 
construction as the longitudinally coupled resonator- type 
surface acoustic wave filter shown in Fig. 9. They differ in 
that an unbalanced- input -unbalanced- output is provided in the 
surface acoustic wave filter shown in Fig. 9 while, in the 
present preferred embodiment, one terminal of the central IDT 
is connected to the input terminal and, furthermore, a 
terminal 72 is provided so that a signal can be obtained from 
the other terminal of the central IDT. 

Recently, longitudinally coupled resonator-type surface 
acoustic wave filters have been expected to have an balanced- 
unbalanced transforming function. In the eighth preferred 
embodiment shown in Fig. 24, by causing a terminal 74 to be 
the input terminal and causing terminals 72 and 73 to be the 
output terminals, the unbalanced- input-balanced-output type 
filter can be constructed. Conversely, by causing the 
terminals 72 and 73 to be the input terminals and causing the 
terminal 74 to be the output terminal, the balanced-input- 
unbalanced- output type filter can be constructed. Therefore, a 
surface acoustic wave filter having the low insertion loss in 
the passband as well as the balanced-unbalanced transforming 
function can be provided. Modified examples of the surface 
acoustic wave filter having such a balanced-unbalanced 
transforming function are shown in Figs. 25 to Fig. 30. 

A longitudinally coupled resonator-type surface acoustic 
wave filter 81 shown in Fig. 25 is constructed so that the 
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balanced input/output can be obtained from the outer IDTs 13 
and 15 and the central IDT 14 is connected to an unbalanced 
input/output terminal 82 . 

In a longitudinally coupled resonator-type surface 
acoustic wave filter 85 shown in Fig. 26, the phases of the 
IDTs 13 and 15 to the IDT 14 are reversed whereby the 
balanced-unbalanced transforming function is realized. 

Furthermore, in a longitudinally coupled resonator- type 
surface acoustic wave filter 86, the phases of the IDTs 18 and 
2 0 of the surface acoustic wave filters 11 and 12 which are 
two-stage vertically connected are reversed. Terminals 87 and 
88 are connected to the IDT 19 so that the balanced signal can 
be obtained from the IDT 19. 

In the two- stage longitudinally coupled resonator- type 
surface acoustic wave filters 11 and 12 of a longitudinally 
coupled resonator-type surface acoustic wave filter 91 shown 
in Fig. 28, the surface acoustic wave filter 12 which is a 
side obtaining the balanced terminal is divided into two 
surface acoustic wave filters 92 and 93 having an intersecting 
width that is approximately one half the intersecting width of 
the surface acoustic wave filter 11. In addition, the phases 
of surface acoustic wave filters 92 and 93 are reversed. 

Furthermore, as shown in Fig. 29, the balanced-unbalanced 
transforming function is provided in the construction having 
the two-stage longitudinally coupled resonator- type surface 
acoustic wave filters 11 and 12, by dividing the second 
surface acoustic wave filter 12 into longitudinally coupled 
resonator-type surface acoustic wave filters 96 and 97 and 
reversing the phases of the IDTs 13 and 15 with respect to the 
IDT 14 of the first surface acoustic wave filter 11. 

In a longitudinally coupled resonator-type surface 
acoustic wave filter 101 shown in Fig. 30, the two-stage 
longitudinally coupled resonator- type surface acoustic wave 
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filters are parallel connected in such a manner in which the 
intersecting width of each of the two- stage longitudinally 
coupled resonator- type surface acoustic wave filters is 
reduced into halves. That is, the longitudinally coupled 
resonator- type surface acoustic wave filters 11 is divided 
into two longitudinally coupled resonator-type surface 
acoustic wave filters llA and IIB and the longitudinally 
coupled resonator- type surface acoustic wave filter 12 is 
divided into longitudinally coupled resonator-type surface 
acoustic wave filters 12A and 12B. 

By reversing the phases of one pair of surface acoustic 
wave filters among these, the balanced-unbalanced transforming 
function can be provided. 

That is, as shown in Figs. 25 to 30, in the same manner 
as in the eighth preferred embodiment, there can be provided a 
surface acoustic wave filter having the balanced-unbalanced 
transforming function while various constructions reduces the 
insertion loss. 

Fig, 31 is a schematic plan view illustrating the 
electrode construction of the longitudinally coupled 
resonator-type wave filter according to the ninth preferred 
embodiment of the present invention. A longitudinally coupled 
resonator- type surface acoustic wave filter 111 according to 
the present preferred embodiment has the same electrode 
construction as the longitudinally coupled resonator- type 
surface acoustic wave filter shown in Fig. 8. They differ in 
that terminals 112 to 115 are provided in order to obtain 
signals from all of the IDTs 13 to 15. 

Here, since the terminals 112 and 115 and terminals 113 
and 114 each can obtain balanced signals, a balanced- input - 
balanced-output surface acoustic wave filter can be obtained. 
In the present preferred embodiment as well, since the 
longitudinally coupled resonator-type surface acoustic wave 
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filter is constructed in accordance with preferred embodiments 
of the present invention, the balanced input /output type 
surface acoustic wave filter having the low insertion loss in 
the passband can be provided. 

Fig. 35 is a schematic block diagram illustrating a 
communication apparatus 160 using the surface acoustic wave 
device according to another preferred embodiment of the 
present invention . 

In Fig. 35, a duplexer 162 is connected to an antenna 161. 
A surface acoustic wave filter 164 and an amplifier 165 which 
constitute an RF stage are connected between the duplexer 164 
and the amplifier 165. In addition, an IF stage surface 
acoustic wave filter 169 is connected to a mixer 163. An 
amplifier 167 and a surface acoustic wave filter 168 which 
constitute the RF stage are connected between the duplexer 162 
and a mixer 166 on a sending side. 

The longitudinally coupled resonator-type surface 
acoustic wave filter constructed according to preferred 
embodiments of the present invention can be suitably used as 
the RF stage surface wave filters 164, 168, and 169 in the 
above communication apparatus 160. 

While preferred embodiments of the invention have been 
disclosed, various modes of carrying out the principles 
disclosed herein are contemplated as being within the scope of 
the following claims. Therefore, it is understood that the 
scope of the invention is not to be limited except as 
otherwise set forth in the claims. 
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